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In the field of solid state physics, the study of defects in crys-
talline solids is of great interest because of their importance in de-
vice and structural physics. By studying a crystal which contains 
imperfections, much can be learned about the perfect crystal lattice. 
In many cases, defects in a solid are responsible for properties which 
make the material useful in electronic devices. If the material is 
considered for use as a structural material, it is particularly impor-
tant to learn how the defects that may be created by stresses or prox-
imity to radiation sources will affect the properties of material, such 
as hardness, radiation damage sensitivity, or electrical conductivity. 
Some types of defects can be produced simply by deforming crystals 
by bending, indenting, or compressing. If a crystal is subjected to a 
force along one crystallographic axis the crystal will yield plastically 
by a process called glide (1). Glide is a translation of one part of 
the crystal with respect to another part. In a cubic crystal, glide 
usually takes place on one or more crystallographic planes, called slip 
planes, and in one particular direction. However, not all atoms above 
the slip plane move simultaneously to their new positions with respect 
to the atoms below the slip plane. The result is that the displacement 
of the upper block of crystal relative to the lower block varies from 
region to region within the crystal. Lines in the slip plane separating 
1 
2 
regions where slip has occurred from regions where it has not are called. 
dislocations (1). 
If one continues to apply stress to the-crystal, the dislocations 
will begin to move through the crystal lattice, leaving behind debris 
when they encounter impurity atoms or other dislocations. Seitz, in 
1952, proposed that these dislocation interactions could generate vacan-
cies and interstitial defects (2). A vacancy is produced by removing 
an atom from an atomic site, while an interstitial defect is formed by 
introducing an atom into a non-atomic site within the lattice. Seitz's 
proposal has since been verified by various researchers (3). Understand-
ing the effect of these deformation-induced defects is very important. 
In some cases, it is possible to observe the effects of the dislocations 
directly. The emerging points of dislocations can sometimes be observed 
by etching the surface of the crystal with a suitable chemical (4,5,6). 
In this way one can study the motion of the dislocations and their 
arrangement in the deformed crystal. If the crystal under study is 
transparent to light or infra-red radiation, it is possible to decorate 
the dislocations, which are normally invisible, by inducing precipita-
tion along the dislocation line (4,7). This technique usually involves 
heating the crystal, which causes "beads" or precipitates to form at the 
dislocation sites. The dislocations can then be observed with a light 
microscope. 
A great deal has been learned about dislocations and their interac-
tions by electron microscope studies (4,8). This technique is potenti-
ally applicable to any material which can be produced in very thin 
sections. The maximum resolution of the electron microscope is about 
4A, which usually does not permit the examination of the atomic arrange-
3 
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ment around the dislocation. x-ray diffraction techniques are similar 
to those of electron microscopy, but the resolution is greatly reduced 
(4). The advantage of X-rays over electrons is that x-rays penetrate 
much farther than electrons so that thicker samples may be examined. 
The maximum resolution currently available is 2-3A obtained by the field 
ion microscope (9). 
Indirect observations can tell one a great deal about the type of 
defects present in a crystal. These techniques include electron spin 
resonance (10,11) and optical methods, about which we shall speak in 
detail later. 
The alkaline-earth oxides such as SrO, cao and MgO are particularly 
well-suited as subjects for dislocation interaction studies, and they 
have been studied extensively in recent years. These materials are 
relatively resistant to defect formation except by forceful means, such 
as irradiation with energetic particles or deformation (12) . MgO is the 
only alkaline-earth oxide which is non-hygroscopic. This property, 
together with its hardness, make MgO attractive for use as a structural 
material. MgO has been suggested for use as one of the insulating 
materials in the proposed Theta Pinch nuclear fusion reactor (13). MgO 
is also used in electronic components where a high temperature dielec-
tric ~s needed. Because MgO might be used in an application which would 
subject it to stress or high temperature, it is necessary to know how 
the properties of MgO would be affected by these conditions. 
Dislocations and dislocation interactions in MgO have been studied 
directly by etch pit and decoration techniques (14) and by electron 
microscopy (15,16). Electron spin resonance studies have yielded much 
information about the type of defects formed by deformation in MgO 
4 
(17;18,19). 
Since MgO is transparent over a wide range of wavelengths, optical 
methods of investigation can provide insight into the effect of the de-
formation-induced defects. Previous researchers have studied the 
" 
absorption (19,20,21), the luminescence (12,19,22), and the thermolumi-
nescence (19,23) in deformed MgO. 
In this study we will use the optical techniques of absorption, 
luminescence, and thermoluminescence to study the effects of defects 
produced by deforming MgO by compression. We will attempt to correlate 
the luminescence with the absorption and excitation spectra and to de-
termine the relationship between the degree of absorption and amount of 
deformation and the intensity of emission and amount of deformation. 
We will also investigate the effect of the shape of the sample on its 
deformation induced absorption. By deforming and optically measuring 
samples which have various length to thickness ratios we will determine 
if there is a sample shape factor which has an effect on the concentra-
tion of defects produced by deformation. 
CHAPTER II 
THEORY 
In the introduction we discussed briefly how dislocations were 
formed. We will now discuss more fully the production of dislocations 
and the subsequent creation of defects by dislocation interactions. 
Most crystals deform plastically by means of translational slip, or 
glide, which means one block of crystal slides as a unit across an 
adjacent block (4) . The crystal plane on which slip takes place is the 
slip plane. The slip plane, together with the direction of slip, con-
stitute a slip system. Slip is anisotropic~ some directions and planes 
are preferred. The slip direction is almost always along that direction 
in which the atoms are most closely packed. In face-centered cubic 
crystals, such as MgO, slip takes place in <110> directions on {110} 
planes. 
Slip takes place when the shear stress along a certain slip direc-
tion reaches a critical value. If a force F is applied to a crystal 
with surface area A along a <100> axis, the applied stress will be F/A. 
The shear stress T resolved in the slip direction is 
(F/A) cos~ cosA (1) 
where ~ and A are the angles the direction of force makes with the nor-
mal to the slip plane and the slip direction respectively (24) • If F 
c 
is the force required to produce slip, then T 
c 
is the critical resolved 
5 
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shear stress. In crystals, s1;1ch as MgO, which slip in <110> directions 
1T 
<1> = A = 4. Hence the critical· resolved shear stress is 
T = T/2 = F/(2A). 
c 
The theoretical value.of the critical resolved shear stress was 
(2) 
first calculated by Frenkel (25) . He considered the simple case of the 
shearing of two rows of atoms past each other in a homogeneous crystal. 
Frenkel let the spacing between the rows be a, the spacing between the 
atoms in the row be b, and the displacement of one row relative to the 
other be x. He then proposed the shear stress to be 
T = (Gb)/(2na) sin (2nxjb) (3) 
where G is the shear modulus. Since the shear force must be zero when 
the row of atoms moves into a normal lattice site and also halfway 
between normal lattice sites, the force must be a periodic function of 
displacement. The theoretical value for the critical shear stress 
would then be the maximum value of T, 
= (Gb)/(2na) 
Since b ::: a, T th is approximately G/2n. This value of T th is several 
orders of magnitude greater than the actual critical shear stress ob-
served in real crystals. 
More recent calculations of Tth have taken into account two fac-
(4) 
tors not considered by Frenkel (24). One is the hardness factor, which 
is the steepness with which the repulsive force between atoms builds up 
as atoms are brought together. The critical strain which must be ex-
7 
ceeded to break the bond between atoms is smaller for "hard" atoms than 
for "soft" ones. The second factor takes into account the possible 
configurations of mechanical stability, such as twinning, through which 
the lattice may pass as it is sheared. This means that the sinusoidal 
relation of Eq. 3 may oscillate over periods smaller than the lattice 
spacing, thus reducing the shear strength. Mackenzie took these two 
factors 'into account and showed that the minimum value of the theoreti-
cal shear strength is G/30 (26). This value is still much larger than 
the observed strength of real crystals. 
The error in these calculations is in assuming that one block of 
atoms moves as a unit across an adjacent block when a stress is applied 
to the crystal. Actually, the process of plastic deformation consists 
of slips which do not take place simultaneously in the whole glide 
plane. Hence the glide plane contains slipped and unslipped areas. 
The boundary between slipped and unslipped areas is a line defect or 
dislocation. The dislocation may be either a closed loop or a half 
loop extending from surface to surface which sweeps along the glide 
plane during deformation. It is the creation and movement of disloca-
tions which accounts for the low shear strength of real crystals (27,28). 
There are two basic types of line dislocations, edge and screw 
dislocations. These are illustrated in Figure 1. An edge dislocation 
has, in effect, an extra half-plane of atoms inserted into the lattice. 
A positive edge dislocation has the extra half-plane of atoms inserted 
above the slip plane, while a negative edge dislocation has the extra 
half-plane of atoms inserted below the slip plane. The Burgers vector 
of an edge dislocation is normal to the line of the dislocation. A 
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helicoid. A screw dislocation may be either right-handed or left-handed 
depending on whether the helix advances or retreats one plane when a 
clockwise circuit is made around the dislocation line. The Burgers 
vector of a screw dislocation is parallel to the line of the disloca-
tion. 
The number of dislocations per unit volume of a crystal is the dis-
location density, N, defined as the total length of dislocations per 
-2 
unit volume, usually in units of em • N is usually lower in non-metal-
lie crystals than in metals. A typical value of dislocation density in 
MgO is 2 x 109 cm- 2 in a single crystal compressed 9% at a deformation 
-3 rate of 2 x 10 em/sec (18) • It has been shown that the dislocation 
densities in slip bands in ionic crystals increase progressively with 
increasing applied shear stress. (29) . In face centered cubic crystals 
the dislocation density is approxi~tely proportional to the strain so 
that 
{5) 
for strains of 0.1% to 10% (30). 
When a crystal is subjected to an applied force, a dislocation in 
it will move in the direction that offers least resistance. A disloca-
tion is highly mobile in the sense that a small applied stress can over-
come the resistance of the lattice. The stress necessary to move the 
dislocation is several orders of magnitude smaller than the shear modu-
lus. The high mobility of the dislocation is necessary to explain the 
low shear strength, since the yield stress of ionic crystals is deter-
mined primarily by the stress required to move dislocations in them. 
There are two basic types of dislocation movement, glide .or censer-
10 
vative motion in which the dislocation moves in the surface defined by 
its line and Burgers vector, and climb or non-conservative motion in 
which the dislocation moves out of the glide surface. Non-conservative 
motion leads to the creation of defects, because as the dislocation 
moves through the lattice, it leaves voids or excesses of matter, so the 
total volume of the crystal is not conserved. 
As plastic deformation proceeds, slip will occur on other slip sys-
terns and the dislocations on one slip plane will intersect dislocations 
on another slip plane. The intersection of dislocations creates jogs 
which are steps in the original dislocations. As the jogs themselves 
move non-conservatively through the lattice, they leave behind a trail 
of vacancies or interstitial atoms (24). Whether vacancies or inter-
stitials will be generated by the movement of the jog depends on the 
sign of the dislocation and the direction the dislocation is moving. 
Under certain circumstances, a jog can leave a trail of two edge dislo-
cations with the same Burgers vector but of opposite sign. This is 
called a dislocation dipole (27). 
The production of the dislocations and their interactions contrib-
ute to another phenomenon of plastic deformation. The dislocations 
introduced by strain contribute to the strength of the crystal due to 
the mutual interaction between dislocations. Crystals harden progres-
sively as straining proceeds, and the process is called work hardening 
or strain hardening (4). Hardening can be caused by substitutional 
atoms in the crystal lattice or by vacancies and interstitial atoms 
(31). The electrostatic interaction between-dislocations and point 
' 
defects also contributes to hardening (32). Another important cause of 
strain hardening is the debris left in the wake of moving screw dislo-
cations (33) . The debris consists of edge dislocation dipoles which 
inhibit the motion of subsequent dislocations on the same or nearby 
glide planes, and thereby increase the flow stress (34). Dislocation 
dipoles are created when multiple cross-slip occurs. Cross slip is 
said to occur when a dislocation leaves one close packed plane for 




The MgO crystals used in this study were cleaved from ingot OR-18 
obtained from the Oak Ridge National Laboratory. A chemical analysis 
of the MgO samples used has been performed. A table of impuritie& is 
presented in Table I. The samples, which were of various sizes, were 
compressed along <100> directions in an Instron testing machine with a 
crosshead speed of s = 0.05 em/min. The stress applied to the sample 
c 
was recorded on a strip chart which moved at a rate of 5.0 em/min. 
When compressing a crystal, part of the crosshead motion goes into 
the elastic strain of the Instron (35). This "softness" of the Instron 
can be depicted by an imaginary spring. The elastic displacement due 
to the softness of the Instron is ~yel F/K, where F is the applied 
force and K is the effective spring constant. If ~L is the amount of 
p 
plastic deformation of the crystal, the total crosshead displacement is 
~y = s t 
c = 
where t is the time, determined by the displacment of the chart divided 
by the chart speed. The plastic strain is 
e: = ( 7) 
where L0 is the original length of the crystal. The plastic strain rate 
12 
TABLE I 
CHEMICAL ANALYSIS OF MgO SINGLE CRYSTAL SERIAL NO. OR-18 
FROM OAK RIDGE NATIONAL LABORATORY 
Impurity l1 g/g Impurity l1 g/g 
Ag < 1 Mo < 1 
A1 62 Na < 0.5 
As 5 N < 1 
B < 2 Ni < 3 
Ba < 2 p < 1 
Be < 1 Pb < 0.5 
Bi < 3 Rb < 5 
Ca 36 s < 2 
Co < 5 Sb < 5 
Cr 1 Si 10 
Cu ~< 1 (Trace) Sn < 3 
Fe 3-7 Ti 3 
K < 5 v < 5 
Li < 1 Zn < 0.5 
Mn 1.0 Zr 2 
13 
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is the time derivative of the strain, 
(8) 
Values of ~yel for the Instron used in this study were determined by 
compressing a piece of relatively incompressible stainless steel between 
the platens of the machine. Strain was then computed using Eq. 7. 
Optical absorption measurements were made using a Cary Model 14 
spectrophotometer, which records the optical density of the sample as a 
function of wavelength. Optical density is log10 (I/I0 ) where I 0 and I 
are the intensities of the sample and reference beams respectively. 
Determination of the absorption coe~ficient was made using the expres-
sion 
Cl. = (O.D.) x 2.303/t 
-1 
em (9) 
where t is the thickness of the sample in em. The thickness was meas-
ured using a micrometer. The optical density (O.D.) was obtained by 
subtracting the optical density of the deformed sample from the optical 
density of the as-cleaved sample at some particular wavelength. 
Luminescence emission measurements were made using the apparatus 
shown in Figure 2. The excitation source was a PEK Industries lOOW 
short arc Hg lamp, 75W short arc Xe-Hg lamp, or !SOW short arc Xe lamp. 
Exciting light was chopped with a light chopper at a frequency of 135 
Hz before passing through a Spex Industries, Inc. 22 em. Minimate mono-
chromator. The light was focused by lenses and reflected by a front 
surface mirror onto the front surface or the edge of the sample. The 
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Figure 2. Block Diagram of Luminescence Apparatus 
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monochromator having a dispersion of 8.2 A/mm. The luminescence was 
detected by a RCA C31034 photomultiplier tube operated at 1800 VDC. 
.16 
The photomultiplier was cooled to -27°C by a Products for Research, Inc., 
Model TE-104 thermoelectric cooler. The output of the photomultiplier 
tube was amplified by a Keithley Model 427 current amplifier and a 
Keithley Model 840 lock-in amplifier. The spectrum was displayed on a 
Mosley Model 7000A or Houston Model 2000 X-Y recorder. 
The optical excitation spectrum was taken using the same apparatus. 
Exciting light from the lSOW Xe lamp passed through the Spex Minimate 
monochromator which was driven by a synchronous motor drive. The 
Jarrel-Ash monochromator was set to the peak of the luminescence band 
and then the Spex monochromator was scanned from 200 nm to about 310 nm. 
Corning glass filters which sharply cut off wavelengths below 300 nm 
were used to decrease the effect of higher order exciting light being 
detected by the phototube. The intensity of 440 nm emission was dis-
played as a function of wavelength of exciting light on an X-Y recorder. 
For low temperature measurements of absorption or emission the 
sample was mounted in a Sulfurine liquid helium cryostat or in a Cryo-
genic Technology, Inc. Model 20/70 Cryodyne cryogenerator. Whtn mounted 
in the Sulfurine cryostat, the sample could be cooled to 77K using 
liquid nitrogen or to 4K using liquid helium. In the cryogenerator, 
the temperature of the sample could be maintained between lOK and room 
temperature by balancing the heat input from an internal resistance 
heater with the heat removed by the cryogenerator. 
Thermoluminescence measurements were made by mounting the sample 
on a brass block in which a resistance heater was imbedded. The volt-
age to the heater was varied by driving a Variac variable AC power 
17 
supply with a synchronous motor drive. Thus the temperature of the 
sample was increased slowly .1t an average rate of approximately 2°C/min. 
An EMI 9558Q phototube operated at 700 VDC at room temperature viewed 
one edge of the sample through a light pipe. Current from the EMI 
phototube was amplified by a Keithley Model 427 current amplifier and 
the signal was displayed on the y-axis of an X-Y recorder. An Iron-
Constantan thermocouple provided a temperature-dependent voltage which 
drove the x-axis of the X-Y recorder. Thus the glow curve of thermo-
luminescence as a function of temperature was obtained. 
A spectrum of the thermoluminescence was obtained periodically by 
scanning the Jarrel-Ash monochromator from 300 to 800 nm. Emitted 
light was detected by the RCA C31034 photomultiplier tube and the sig-
nal amplified by a Keithley I'1odel 427 current amplifier. The spectrum 
was displayed on a Houston X-Y recorder. 
Irradiations were carried out by placing the sample in a Cobalt 60 
Gammacell, Model 200, manufactured by Atomic Energy of Canada, Limited. 
CHAPTER IV 
PRESENTATION AND DISCUSSION OF RESULTS 
Stress vs. strain curves for MgO samples with three different 
length to thickness ratios ar-e shown in Figure 3. One can see that the 
shape of the sample has an effect in the work hardening region. The 
slope of the curve is greater for short, thick samples than for long, 
thin ones. This effect is probably due to the number of slip systems 
operating. Long, thin samples are more likely to deform by single slip 
processes, while short, thick samples are likely to have multiple cross 
slip occurring during deformation. Cross slip would lead to the produc-
tion of dislocation dipoles, the interaction of which would increase 
the flow stress. Cross slip and single slip can be observed directly 
by examining the deformed samples between crossed polarizers. 
The principle absorption band in deformed MgO occurs at 5.7 eV 
(215 nm) (19,21). Figure 4 shows the absorption coefficient at 215 nm 
as a function of per cent deformation. The data points shown are 
averages of several data points within a region. On the average, data 
from five samples contributed to each data point shown. The error was 
computed by 
\ 
error ± d ;rn. 
max 
( 10) 
where d is the maximum deviation from the average value of a 215 max 
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' Figure 3. Stress vs. Strain Curves for MgO Samples With 
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Fi9ure 4. Absorption Coefficient, a 215 , as a Function of % 
Deformation in MgO. Results from a previous 
study by Sibley, ~ al. (19) are shown for pur-
pose of comparison 
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Average values were used because scatter made it difficult to draw a 
best fit curve through the data points. The curve drawn is in close 
agreement with data presented by Sibley et al. (19). The curve shows 
the the absorption at 215 nm is a linear function of the strain. This 
agrees with Gilman and Johnson's finding that dislocation densities in 
slip bands increase linearly with strain (30). 
Since there appeared to be a relation between the shape of the 
sample and its absorption, a plot of absorption coefficient, a 215 , di-
vided by per cent deformation as a function of length to thickness 
ratio was made (Figure 5). The data points and the error bars were 
determined statistically in the same manner as was done for Figure 4. 
We see that the slopes of the a 215 vs. per cent deformation curves 
would be approximately the same for samples with length to thickness 
ratios of 5 to 12. However, for samples with L0/t less than five, the 
absorption is much reduced. If the 215 nm absorption band is due to 
vacancy pairs as has been suggested (20), then this result is reason-
able, because vacancy pairs are more likely to be produced during the 
single slip processes occurring during the deformation of long, thin 
samples. However, the cross slip which occurs during deformation of 
short, thick samples is more likely to produce vacancy clusters, which 
have a different absorption. 
Absorption spectra at three temperatures for deformed MgO are 
shown in Figure 6. The sample used for these spectra had a length to 
thickness ratio of 4.3 and was deformed 1.2%. It is possible to fit 
the band at 5.7 eV with a Gaussian bandshape, however, there appear to 
be one or two smaller bands between 4 and 5.2 eV which are more diffi-
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Figure 6. Absorption Spectra for Deformed MgO 
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A luminescence emission band in deformed MgO has been reported at 
2.9 eV (440 nm) when excited by U.V. light (12). Figure 7 shows the 
emission intensity of the 2.9 eV band as a function of per cent defor-
mation. Measurements were made on two samples, as indicated by circles 
and triangles in the figure. The emission was excited at room tempera-
ture with light of wavelength 238 nm from a lOOW Hg lamp. Error was 
due mainly to inaccuracy in duplicating the exact position of the sample 
in the holder between successive deformations and to changes in the 
surface condition of the sample which altered the amount of light 
scattered. We see that the intensity increases progressively with de-
formation which agrees with the results obtained for absorption. We 
note that some luminescence is present even before the samples were de-
formed. This luminescence is probably due to dislocation-induced de-
fects produced by cleaving the crystal. 
The excitation spectrum at room temperature of the lSOW Xe lamp 
in deformed MgO is shown in Figure 8. The excitation spectrum shows 
excitation peaks at 222 nm and 238 nm. The 238 nm peak decreases to 
nearly zero as temperature decreases. The 222 nm peak remains constant 
with temperature. 
Annealing of the defects responsible for the absorption and emis-
sion was done by heating the samples in a furnace in air at the desired 
temperature for periods of ten minutes and then cooling the samples 
quickly by placing them on an aluminum block. Annealing data is pre-
sented in Figure 9. Data was taken on two samples as indicated by 
circles and triangles in the figure. Defects responsible for the ab-
sorption begin to anneal out at about 750 K and are almost completely 
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Figure 9. Annealing of 215 nm Absorption Band and 440 nm Emission Band in Deformed 
MgO. Results of a previous experiment by Sibley, et al. (19) are 






from a previous experiment by Sibley, et al. (19). The emission begins 
to anneal at approximately the same temperature as does the absorption. 
However, at about 800 K the emission reaches its lowest intensity of 
50% of its initial value and begins to increase. At 1000 K the emission 
reaches a peak equal to its initial intensity. This behavior would in-
dicate that more than one type of defect is responsible for the emission, 
with an energy transfer process taking place. 
The temperature dependence of the 215 nm absorption band and the 
440 nm emission band is shown in Figure 10. The sample used in this 
experiment had a length to thickness ratio of 4.3 and was deformed 1.2%. 
The emission was excited by light of wavelength 220 nm from a 150W Xe 
lamp. The decrease of emission intensity below 220 K is another indi-
cation of energy transfer processes, perhaps with different types of 
defects being responsible for emission and absorption. 
Thermoluminescence data was taken to determine if the blue thermo-
luminescence observed in deformed MgO is due to deformation-induced 
defects or to changes in valence states of iron impurity ions as has 
been reported previously (19,23). Thermoluminescence measurements were 
carried out on samples which had been gamma-irradiated for periods of 
30 minutes immediately prior to each thermoluminescence run. The glow 
0 curve of the thermoluminescence peaked at about 85 C. The spectrum of 
the thermoluminescence showed the glow peak to be composed of a broad 
band at 440 nm {blue) and a somewhat narrower band at 750 nm (red) • 
The red band has been attributed to chromium impurity ions (19,23), so 
the intensity of the red band is constant regardless of the amount the 
i 
sample is deformed. For this reason, the'intensity of the blue band 
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the study of the thermoluminescence is shown in Figure 11. The inten-
sity of the red band would be a constant at a value of 13. We see that 
the intensity of the blue band increases linearly with deformation above 
1.5%. What happens to the thermoluminescence below 1.5% is not clear 
because cleaving the sample deforms it somewhat and produces some dis-
location type defects. Several of the samples were annealed after 
making thermoluminescence runs on them. Annealing was done by heating 
the samples slowly to a temperature of about 970°C, holding them at this 
temperature for 30 minutes, and then allowing them to cool slowly to 
room temperature. The samples wer~ then re-irradiated for 30 minutes 
and thermoluminescence runs were repeated. We expected to see the blue 
thermoluminescence decrease to the level of the as-cleaved sample, how-
ever we detected very little change in the thermoluminescence compared 
to the results from the as-deformed sample. 
The spectrum of the blue thermoluminescence compared to that of 
the excited luminescence is shown in Figure 12. The two bandshapes are 
very similar. This fact, together with the linear dependence of 
thermoluminescence intensity on deformation leads us to suggest that 
the blue thermoluminescence is primarily a result of deformation-induced 
defects rather than only valence changes of iron impurity ions. 
en 
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CHAPTER V 
SUMMARY AND SUGGESTIONS FOR FUTURE STUDY 
Absorption, luminescence and thermoluminescence studies were made 
on MgO samples which had been deformed by compression. The height of 
the 215 nm (5.7 eV) absorption band was found to increase linearly with 
strain. There appears to be a shape factor which contributes to the 
absorption. Long, thin samples have a higher absorption coefficient 
per % deformation than do short, thick ones. The difference is proba-
bly due to vacancy pairs being produced in long, thin samples while 
vacancy clusters are produced in short, thick samples. 
Luminescence at 440 nm (2.9 eV) is produced in deformed MgO by 
exciting the sample with u.v. light. The intensity of the 440 nm emis-
sion band also increases with increasing deformation. The luminescence 
appears to be due to more than one type of defect as indicated by 
annealing and temperature dependence studies. 
The intensity of the thermoluminescence band at 440 nm is also a 
linear function of deformation. The blue thermoluminescence appears to 
be due primarily to deformation rather than to impurity ions. 
Some suggestions for future study are: 
(1) Deform MgO at liquid nitrogen temperature and observe the 
effect of low temperature on the stress vs. strain curve. This experi-
ment would help to determine if strain hardening is due to cross-slip 
or to the Orowan mechanism (27). 
33 
34 
(2) Deform MgO at high (300°C) and low (77 K) temperatures to see 
if the absorption coefficient, a215 , vs. % deformation curve is tempera-
' ture dependent. 
(3) Deform MgO samples with different crosshead speeds on the 
Instron to determine the effect of different strain rates. 
(4) Examine more closely the 302 nm band in deformed MgO to deter-
mine if the 215 nm and 302 nm bands are related (21). 
(5) Once a firm background of knowledge about the optical pro-
perties of deformed pure MgO crystals has been established, one could 
then perform similar experiments on MgO doped with Mn or Co and MgO 
additively colored with Mg. 
/ 
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